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One of the biggest challenges to the expansion of photochemical processes has been the
creation of effective visible-light photocatalysts for organic synthesis. Heterogeneous
photocatalysts present a favorable procedure to realize green and eco-friendly organic
reactions. We fabricated the heterogenous catalyst CuFe,O4/CuO-rGO@EosinY (EY) by
immobilizing eosin on the substrate CuFe,04/CuO-rGO. The eosin substrate was made by
heating basil seed hydrogel (BSH) that had copper and iron added to it. The prepared
heterogeneous catalyst as a photocatalyst was applied in a green one-pot multi-component
protocol for the production of biologically important xanthene derivatives via
condensation of aromatic aldehydes and dimedone under the condition of visible light
irradiation. The synthesized photocatalyst was characterized using various techniques,
such as FT-IR, XRD, and TGA. The significant advantages of the present methodology
include remarkable yield, cost-effectiveness, easy work-up, broad substrate scope, and
significant reusability. The prepared catalyst was used four times without a significant
decrease in reaction efficiency.

DOI: https://doi.org/10.22075/CHEM.2023.31685.2211

© 2023 Semnan University.

This is an open access article under the CC-BY-SA 4.0 license.( https://creativecommons.org/licenses/by-sa/4.0/)

" .Corresponding author: Associate Professor of Organic Chemistry, Department of Chemistry, Semnan University,
Semnan, Iran. E-mail address: Kolvari@semnan.ac.ir

How to cite this article: Kolvari, E., & Samiee Paghaleh, E. (2023). Green and Environmentally Sustainable
Fabrication of CuFe204/CuO-rGO@ EosinY as Photocatalyst for the Synthesis of Xanthene Derivatives. Applied
Chemistry Today, 18(69), 85-100. (in Persian)


mailto:Kolvari@semnan.ac.ir
https://portal.issn.org/resource/ISSN/2981-2437
https://doi.org/10.22075/chem.2023.31685.2211
https://creativecommons.org/licenses/by-sa/4.0/
https://orcid.org/0009-0004-2674-1568
https://orcid.org/0000-0003-0484-5273

Applied Chemistry Today

Samiee Paghaleh et al.

Vol. 18, No. 69, 2023

1. Introduction

The field of photocatalytic organic synthesis has
garnered significant attention from researchers due
to its notable selectivity, the use of mild reaction
conditions, and its environmentally benign and
energy-efficient properties [1]. UV light only
makes up around 4% of the total solar energy,
whereas visible light makes up about 50%.
Chemists have changed the synthesis approach by
concentrating on the inclusion of visible light in the
last few years as a result of the growing interest in
the applications of green principles in organic
synthesis [2-5]. However, the majority of organic
molecules are unable to absorb visible wavelengths.
Hence, the development of photocatalysts capable
of harnessing visible light is an imperative area of
research from a pragmatic perspective. Visible-
light induced extensive research has been
conducted on reactions with photoredox catalysts.
Additionally, these reactions are good for the
environment because they use light-emitting diodes
(LEDs) [6], which are energy-efficient light
sources, to shine visible light on them and only use
small amounts of catalysts.

Homogeneous  photocatalysts  have  been
extensively studied and have been found to have a
significant role in photoredox catalysis [6-8]. Due
to their unique active sites homogeneous
photocatalysts have shown great promise in a wide
range of organic transformations. However, these
materials also encounter practical challenges,
including the toxicity of metals, elevated expenses,
potential product contamination, and limitations in
terms of reusability. These factors impede their
widespread implementation in chemical industries
on a large scale. Currently, there is a growing
interest in the design and utilization of
heterogeneous catalysts as a means to address and
overcome these challenges [9]. There are three

main methods for creating effective heterogeneous
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visible light photocatalysts: (1) Extensive band gap
semiconductors can change their optical responses
from the UV to the visible range by doping them
with metal or non-metal components [10, 11]. (2)
One popular technique for creating visible light
photocatalysts is the coupling of semiconductors
with various band gaps [12, 13]. (3) Organic dyes
can  make  semiconductors  sensitive  to
photocatalytic activity when exposed to visible
light [14, 15]. In the aforementioned visible light-
catalyzed reaction, the use of affordable organic
dyes as catalysts has recently increased [16]. In
visible light-induced photoredox catalysis, the
redox properties of the excited state of the dye
molecules are usually used. Consequently, they are
also capable of acting as a thermal-redox agent
without the use of light [17]. EY is an organic dye
that has been successfully utilized in the design of
numerous photoreduction catalysts. An anionic dye
in the fluorescein family, EY is acidic.
Organophotocatalyst EY is a readily available,
affordable, and well-known product. It has been
demonstrated that dye sensitization increases the
range of visible light and encourages
photoconversion [14].

Carbon-functionalized materials like graphene
oxide and reduced graphene oxide (rGO) have
recently emerged as viable options to produce
innovative composite materials due to their high
specific high  thermal
biocompatibility [18, 19]. RGO has

demonstrated to have stronger catalytic activity

area, stability, and

been

when combined with semiconductors than several
other materials [18, 20]. It is very good at
conducting electrons, which means that it speeds up
the process of getting electrons out of
semiconductors and lowers the chance of electron-
hole pair recombination [21]. In contrast to
covalent functionalization, graphene can be

noncovalently  functionalized by  molecular
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interactions such as n-nm stacking, electrostatic

interaction, and hydrogen bonding without
substantially changing the system. This preserves
the extended i conjugation on the graphene surface.
Dye sensitization of semiconductors is a successful
method for extending the spectrum of excitation
energy of semiconductors into the visible region as
a technique for effective visible light harvesting
[22, 23]. The dye molecules that have been
adsorbed on the semiconductor gather energy and
transport electrons to the semiconductor's
conduction band. EY is often available as a
disodium salt or in its neutral form. Hydrogen
bonds, stacking, and halogen bonding are used to
attach the EY molecule to reduced graphene oxide
[24].

Multi-component reactions (MCRs) are a crucial
and fundamental area within the domain of organic
transformations [26-28]. The authors have garnered
significant  acclaim  for  their  successful
amalgamation of crucial heterocyclic chemicals
and medicinal molecules [29, 30]. Xanthenes
possess considerable significance as heterocyclic
compounds due to their extensive utilization in the
realms of biology and industry. The literature has
recognized these compounds for their anti-
inflammatory activities [31] and their ability to
demonstrate antibacterial actions [20]. Because of
their wide range of pharmacological activity and
also their industrial and synthetic applications,
several methods have been reported for the
synthesis of xanthene, which include trapping of
benzynes by phenols [29, 30], cyclodehydration
[31] between 2-hydroxyaromatic aldehydes and 2-
tetralone [32], and intramolecular phenyl carbonyl
coupling reactions of benzaldehyde and
acetophenones [33]. One of the most common and
uncomplicated  procedures for  synthesizing
xanthenes is the condensation reaction of aldehydes

with cyclic 1,3-dicarbonyl compounds. In the
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literature, different catalysts for making xanthene
derivatives have been described. These include
sulfamic acid/MCM-41, cellulose sulfamic acid,
and SnO,/TiO; [25].

In this study, EY was immobilized on reduced
graphene oxide for the first time without using
covalent bonds. The carbonaceous material used
came from activated basil seeds (Ocimum
basilicum L.). These seeds were chosen due to their
characteristics, such as

advantageous being

ecologically friendly, readily available, cost-
effective, and renewable biomass. As a substrate,
CuFe;04/CuO-rGO was used, and EY was used as
a photosensitizer. This was done so that EY could
be immobilized without covalent bonds. This
photocatalyst, a cost-effective, safe, and readily
available option, can be easily recovered. This
photocatalyst was used to make multi-component
reactions (MCRs) of xanthene derivatives. It
worked very well in mild conditions and in a very
short amount of time. The catalyst employed in the
study was confirmed using analytical techniques
such as XRD, FTIR, SEM, EDX, and TGA. The
significance of our research lies in its capacity to
solve the challenges usually associated with the
catalysts presently employed in the synthesis of
these compounds. This approach for the synthesis
of xanthene derivatives presented in this work
provides several significant advantages.

2. Experimental

2.1. Preparation of CuFe204/CuO-rGO substrate
We created the CuFe;O4/CuO-rGO substrate in
three steps: (a) we precipitated the metal ions inside
the hydrogel; (b) we bonded metal ions to the basil
seed hydrogel network to create a 3D network; and
(c) we heated the basil seed hydrogel to create the
CuFe;04/CuO-rGO. In the first stage, basil seed (1
g) was soaked in 100 ml of deionized water for 1
hour and then separated with filter paper. In the next
step, it was impregnated with CuCl,.2H,0 (0.75 g,
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4.39 mmol), FeCl3.6H,0 (0.42 g, 1.55 mmol), and
FeCl.4H,0 (0.28 g, 1.4 mmol) and stirred for 1
hour at room temperature. After sufficiently
chelating, the basil seed hydrogel was collected and
rinsed with deionized water until pH neutral. For
the second stage, metal ion precipitation, the
produced basil seed hydrogel was combined with
NaOH (1 M). The metal-precipitated basil seed
hydrogels were rinsed with deionized water after 30
minutes of precipitation. The basil seed hydrogels'
metal precipitation was introduced to a combustion
boat in the third stage, where it was then calcined at
750 °C for 30 min in a vacuum furnace. The sample
was then gathered and kept dry while being stored
at room temperature [34].

2.2. Preparation of CuFe04/CuO-rGO@EY
catalyst

To prepare the CuFe,04/CuO-rGO@EY catalyst,
CuFe204/Cu0-rGO (0.06 g) was mixed with
powder EY (7 mg), and water (2 ml) was added to
it and put in ultrasonic for 30 minutes. In the next
step, stir for 48 hours. In the end, the mixture was

centrifuged and dried in a desiccator for 2 hours.
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Fig.1. Schematic representation of preparation steps for
CuFe,0,/CuO-rGO@EY [34]

2.3. General Synthesis Route for Xanthene
Derivatives
A mixture of aromatic aldehyde (1 mmol), dimedone
(1 mmol), and CuFe,04/CuO-rGO@EY catalyst (3
mg) in deionized water (3 ml) was added to a round

bottom flask. The mixture was irradiated with a red

j
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light-emitting diode (LED) under

conditions at 60 °C. After reaction completion

open-air

(controlled by TLC), the reaction mixture was
diluted using toluene (3 mL), the magnetic catalyst
was separated using a magnet, and the product was
recrystallized.

3. Results and discussion

3. 1. Sample characterization

The structural (e.g. FTIR, XRD), morphological
(e.g., SEM), thermal analyses (e.g., TGA) and
elemental analysis (e.g., EDX), characterizations
were applied for a full investigation of properties of
CuFe;04/CuO-rGO@ EY.

3.1.1. FTIR analysis

The results of the FTIR analysis, which was carried
out to clarify the changes in functional groups
before and after the adsorption of dye, are displayed
in Fig. 2. The FTIR spectrum's peak position didn't
change when the adsorbent adsorption changed,
which showed that the same types of functional
groups were on the adsorbent surface. The broad
band at 3700-3200 cm™ corresponded to the
stretching vibration of hydroxyl groups (O-H). The
main cause of the broad peak at 1042 cm was the
structure's alcoholic, phenolic, and carboxylic
groups vibrating in a C-O direction. The chemical
composition of basil seeds and their functional
group were verified. The C-H vibrations, the C-O
band, and the C-O-C stretching vibrations of
glycosidic linkage of polysaccharides are all related
to several peaks that occurred at 1090, 1151, and
1240 cm*. The uronic acid residues in the basil seed
are seen in the bands at 1460 and 1656 cm™*, which
are connected to the symmetric and asymmetric
stretching vibrations of the COO bond. The C=0
symmetric and asymmetric stretching vibrations of
carboxylate groups were attributed to two peaks at
1542 and 1745 cm™, respectively. Two peaks,
associated with CH; bending vibrations and CH

stretching vibrations, appeared at 2931 and 3013
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cm™, It should be noticed that after the basil seed is
carbonized, the intensity of all these peaks is
noticeably lowered, indicating a successful
synthesis of reduced graphene oxide. For the S-
scheme of CuFe,04/CuO-rGO heterostructure, the
chemical structure and the functional group were
confirmed by the FT-IR spectrum. It is indicated by
the disappearance of absorbance peaks of the O-H
group (3162 cm™). peaks at 1780 and 1448 cm*
for the C=0 and C=C groups, respectively.
CuFe;04/CuO-rGO exhibits octahedral Cu?* (Cu-O
mode) stretching vibration with a peak at about 490
cm?, and tetrahedral Fe®* (Fe-O mode) stretching
vibration with a peak at about 643 cm™[35]. The
characteristic peaks of EY at 3400 and 1717 cm
correspond to the OH of the alcohol group and the
C=0 stretching vibrations of the lactone tautomer.
[40]. C-Br stretching vibration shows peaks at
567 cm™ and 420 cm™ [36]. The peak at 720, 1036
cmt, and 1445 is attributed to the C-Ar, C-O-C, and
C=C vibrations, respectively. It is crucial to
understand that EY contains aromatic rings, oxygen
groups, and a C-Br bond, all of which support
hydrogen bonding [37], halogen bonding [38] , and
n-1 interaction [39]. The FTIR spectrum also
supported the viewpoint. The peak of the aromatic
group shifted, maybe owing to the existence of
halogen bonding (n-Br) and =m-m interaction
between carbon active and EY. The paired O-C-O
asymmetric stretch of the carboxyl group is
responsible for the combined absorption peak at
1632 cm? that EY displayed. This indicated a
significant interaction existed between EY and
carbon activity. There may be an ester-like bond
between the carboxyl group of EY and the hydroxyl

on the surface of reduced graphene oxide.
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Fig.2. FT-IR spectra samples of CuFe,0,/CuO-rGO@EY

3.1.2. XRD analysis

An X-ray diffraction (XRD) pattern was used to
find out if CuFe204/CuO-rGO@EY was crystalline
(Fig. 3). The XRD patterns of the prepared S-
scheme CuFe;04/CuO-rGO display peaks at 20 =
48.87°, 53.03°, and 68.20° that are ascribed to CuO,
and peaks at 20 = 30.18°, 35.65°, 37.49°, 62.45°,
and 75.19° confirm the presence of CuFe;O4. The
CuFe;04/CuO-rGO  heterostructure’s
XRD patterns match well with the structure of
CuFe204 (JCPDS card No. 00-025-0283) and the
structure of CuO (JCPDS card No. 01-080-1916).
This means that the nanoparticles were made

S-scheme

successfully. Two peaks at 20 = 23° and 41°,
corresponding to the (002) and (100) planes,
confirm the presence of reduced graphene oxide.
The central peaks in the CuFe;04/CuO-rGO@EY
composite have decreased, and their intensity has
been reduced in CuFe,O4/CuO-rGO@EY. This
proved that the increase in EY dye in nature is due
to the decrease in crystallinity, which results from
the reduction in hydrogen linkages between
substrate layers [40]. The intermolecular hydrogen
bond and n-m are the only interactions possible
between the carbon substrate matrix and activated
groups in EY dye. These findings are in agreement

with previously reported results [41].
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Fig.3. XRD patterns of samples of CuFe,0,/CuO-rGO@EY

3.1.3. TGA analysis
Thermogravimetric analysis (TGA) was conducted
to examine the thermochemical behavior of the
CuFe204/CuO-rGO@EY across a temperature
range of 25 to 800 °C. In Figure 4, the TGA curves
of CuFe;O0./CuO-rGO@EY before and after EY
adsorption are shown. The TGA curve reveals
weight loss in the initial stages, which is attributed
to the removal of surface-bound OH groups or
intercalated water molecules. Between 250 and 500
°C and 500 and 700 °C, the basil seed undergoes
two distinct weight loss events, indicating the
complete degradation and breakdown of the carbon
structure. A minor weight loss is observed between
400 and 700 °C, indicating the thermal stability of
the carbonized basil seed. Additionally, a negligible
weight loss is observed between 700 and 800 °C,
confirming the elimination of residual functional
groups. The CuFe,04/CuO-rGO heterostructure
exhibits remarkable thermal stability throughout
the TGA analysis, highlighting its suitability for
high-temperature applications. The EY component
was destroyed at about 200-380 °C. After
adsorption of EY onto a substrate, a notable weight
occurred, about 9 wt%

CuFe,04/Cu0-rGO..

loss more than

90

100

80

CuFe,0,/Cu0-rGO

Weight (%)

CUFEZOA/CUO—rGOrEY

Basil Seed

T T T T T T T
100 200 300 400 500 600 700 800
Temprature ('C)

Fig.4. TGA curve of as-prepared samples of CuFe,O,/CuO-
rGO@EY

3.1.4. Morphology and elemental analysis

The morphology of the CuFe;O4/CuO-rGO@QEY
was studied using field emission scanning electron
microscopy (FESEM). As displayed in Fig 5(a-c),
EY molecules were observed as a sponge on a
substrate. Elemental energy-dispersive X-ray
spectroscopy (EDS) mapping of the CuFe;O4/CuO-
rGO@EY demonstrated the

homogeneous distribution of Br, Fe, Cu, C, and O,

presence and

which are the expected components Fig 5(d, e).
Trace amounts of Na, S, N, and P were also
detected, likely associated with composition of the

basil seed.

Fig. 5. FESEM images at different magnifications (a-c) and

EDX spectra and element mapping
CuFe,04/CuO-rGO@EY

images(d,e) of

3.2. The photocatalytic activity of CuFe204/CuO-
rGO@EY

CuFe,0O4/CuO-rGO@EY  was
photocatalyst in a reaction with benzaldehyde (0.25

used as a
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mmol) and dimedone (0.5 mmol) while it was
exposed to LED light to look into how well it
worked (Scheme 1). In a test tube, the reaction
mixture was magnetically stirred. To find the best
conditions for the condensation reaction, many
factors were optimized, such as the irradiation
source, the amount of photocatalyst, the type of

solvents, and the temperature.

(0]
[0 o
ZU ‘ N H Photocatalyst .
+ Y - s+ R
R OR! R? Solvent, LED
1 2 3

R'= Me R’= (H, OH, CHj, NO,, Cl,....)

Scheme 1. Synthesis of xanthenes by CuFe;04/CuO-rGO@EY

Under red LED light irradiation, favorable results
were seen at a temperature of 60 °C in the presence
of 3 mg of catalyst in a water solvent (Table 1). The
new catalyst was also tested to see if it could be
used to make other xanthene derivatives using

different aromatic aldehydes (Table 3).
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3.3. Studying the effect of the light source produced under the same conditions if the reaction were
conducted in the dark or with some LED lights of different

colors. Red LED light irradiation yielded the highest

The reaction was exposed to various light irradiations
because the irradiation source is one of the key variables
. . . . . efficiency.
impacting the efficacy of photocatalytic reactions (Table

2). Based on the results obtained different yields would be
Table 1. Optimization of synthesis of 3,3,6,6-tetramethyl-9-phenyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione condition

Entry  Amount of catalyst (mg) Solvent Temperature (°C) Time (min) Yield (%)
1 4 H.0 60 15 98
2 2 H>0 60 15 80
3 1 H>0 60 15 50
4 3 H>0 R.T. 15 20
5 3 H20 40 15 50
6 3 Solvent-Free 60 15 NR
7 3 EtOH 60 15 10
8 3 Toluene 60 15 Trace
9 3 CHsCN 60 15 5
10 3 H20 60 15 100

Table 2. Optimization of the irradiation source in condensation
reaction®

that lead to the formation of H* and OH" ions as a
result of electron excitation. In addition, it has the

ability to generate oxygen and facilitate oxidation-

Entry Light source Time (min)  Yield (%)

1 Dark 15 55 reduction reactions, resulting in the production of
2 Blue 15 90 . .

3 Green 15 85 02/02". However, when performed in organic
4 Red 15 100

2Reaction conditions: benzaldehyde (0.25 mmol), dimedone (0.5
mmol), CuFe,0,/CuO-rGO@EY (3 mg), 60 °C, open
atmosphere

Table 3. Synthesis of xanthenes derivatives catalyzed by
CuFe,04/CuO-rGO@EY*®

solvents like ethanol, the presence of OH radicals is
diminished, leading to a decrease in the reaction's
efficiency. The drop in catalyst quantity resulted in

a reduction of active sites on the surface of

Entry R, Time (min)  Yield (%) CuFe;04/CuO-rGO@EY, leading to a decrease in
1 H 15 100 . .
5 4-CHs 60 90 the yield of product production. When the amount
3 4-Cl 60 100 of CuFe;04/CuO-rGO@EY was increased, more
4 2,4-dichloro 60 99 . . . . .
5 4-O,N 20 100 light-excited carriers and active sites were made.
6 3-0:N 15 100 This improved the photocatalytic performance. As
7 4-HO 45 100 . . .
8 4-MeO 60 99 the catalyst concentration continued to increase, the
9 3-EtO-4-HO 60 98 dispersion of light hindered its penetration into the
10 4-Me2N 60 80 . A . .
11 1,4-diphenyl 10 100 mixture, resulting in a decrease in the product yield.

2 Reaction conditions:

benzaldehyde (0.25 mmol), dimedone

(0.5mmol), CuFe,0,/CuO-rGO@EY (3 mg), H,O (3ml), 60 °C
open atmosphere, red LED (3 W, 850 nm)

The production of xanthene was examined using
several aqueous and organic solvents. The results
indicated that the highest reaction efficiency was
achieved when water was used as the solvent. This
can be due to the radical reaction of xanthene
synthesis that occurs in the presence of light. In the

presence of water, the photocatalyst generates holes
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The reaction was examined at various temperatures,
namely ambient temperature, 40 degrees, and 60
degrees. As the temperature rises, the abundance of
radicals also increases, resulting in an escalation of
the reaction rate.
3.4. Reaction mechanism
Scheme 2 shows the likely mechanism for the
synthesis of the targeted molecule based on the
literature review [42-44]. When exposed to visible

light, EY initially changed into the excited state
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EY*. This EY* then underwent reductive
quenching by 1,3-dicarbonyl (1) to produce the
radical cation (A) and form an EY radical anion.
To complete the cycle and produce a superoxide
radical anion (O2"), aerobic oxygen oxidized the
EY radical anion to its ground state. The radical
(B) was produced when (O,") deprotonated the

resultant radical cation (A). Aldehyde (2) and this
radical (B) are now reacting simultaneously to
form (C). Single electron transfer (SET)
transforms EY into compound (C) to (D), which
can function as a michael acceptor by
interconverting to dicarbonyl enone (E). Dimedon
(B) interacts with chemical F via the SET reaction
to produce the radical cation (G). EY then travels
through SET to change (G) into (H). Finally, (1)
experiences a straightforward reaction by
dehydration, producing the Xanthene (3).

&

CobrfO, Unlh 00

sSET

S Scheme 2. A possible mechanism of the synthesis of xanthene
in the presence of CuFe,0,/CuO-rGO@EY catalyst.

3.5. Comparison of CuFe204/CuO-rGO@EY
catalyst with other works

A comparative survey of the catalytic efficiency of
CuFe;04/CuO-rGO@EY with previously reported
catalysts is depicted in Table 4. CuFe;O4/CuO-

r
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rGO@EY provides several advantages, which
include exceptional stability, an easy synthesis
process, simple catalyst recovery, and recyclability
of the catalyst. The described catalysts do,
however, offer certain benefits [45-49].
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Table 4. Comparison of Catalytic Efficiency of CuFe,0,/CuO rGO@EY

Entry Catalyst Solvent/Condition Time (h: min) Yield (%) Ref.
1 Fe®* -montmorillonite EtOH/100 °C 06:00 94 [50]
2 Zn0O-CH3COCI CH3CN/reflux 05:00 86 [51]
3 S042/Zr0; EtOH/70 °C 08:00 86 [52]
4 Fes04@SiO2-imid-PMAN EtOH/reflux 01:30 94 [53]
5 CuFe204/CuO-rGO@EY H20/60 °C 00:15 100 This work
4. Conclusion

3.6. Reusability

One of the important criteria for assessing the
effectiveness of catalysts is reusability. When a
catalyst can be easily recovered and utilized again,
it becomes very important to the industry. For this
reason, after the first run was finished, toluene was
added, and the catalyst was separated from the
reaction mixture using a magnet and dried in an
oven at 60 °C before being reused in the same
reaction for five additional runs (Fig. 6) to study the
stability and CuFe;04/Cu0-
rGO@EY. It was discovered that the extraction
efficiency of CuFe;O4/CuO-rGO@EY could be

recycled five times without suffering significantly.

reusability of

The outcomes demonstrated the CuFe;O4/CuO-

rGO@EY photocatalyst's viability for repeated use

100 4 100

80 +

60 o

Yield (%)

40

20 H

1 2 3 4 5
RUN

Fig.6. Recycling experiment in the synthesis of xanthene in the
presence of CuFe,0,/CuO-rGO@EY
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Using the photocatalyst CuFe;O4/CuO-rGO@EY
made it easier to change different aldehydes into
xanthenes by using dimedone. The outcomes were
quite satisfactory. The selection of solvent,
temperature, number, and color of LED lamps for
the photocatalyst had a significant impact on the
reaction. The optimal condition was determined to
be the inclusion of 3 mg of catalyst in a water
solvent with a temperature of 60 °C and red LED
lighting. The photocatalyst has demonstrated the
capacity to be reused and employed in five distinct
instances. There was no significant decline in the
production output of the product. X-ray diffraction
(XRD), Fourier-transform infrared spectroscopy
(FTIR), (TGA),

scanning with

thermogravimetric  analysis

electron microscopy (SEM)
elemental mapping, and a leaching test were
employed to verify the accuracy of the
photocatalyst. The main benefits of the proposed
method are its convenient accessibility and the use
of air as the sole eco-friendly oxidizing agent. This
strategy functions as a potent and pragmatic
alternate pathway for achieving the intended
objective. It holds significant value in the domains
of organic synthesis, natural product chemistry, and
medicinal chemistry.
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